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Algorithm Description

%@}L

1. Split tracks into two independent sets

= Tracks are filted by the same trkfilter as “offlinePrimaryVertices”
Dy signficance > 5 nPixelHits>=2 nHit>=7 x?/ndof <=5
- Tracks are ordered in descending order of pr
= For each pair, randomly select which track goes to which trackset
2. Run primaryvertex fit on each track set
- Use the fitter without BS constraint “offlinePrimaryVertices”

3. Compare the two fitted vertex positions and calculate

1 —T2

- Resolution: o of the gaussian fit to 7

- Pull: o of the gaussian fit to ===

2
UIE1+U$2

October 09, 2009 Measuring Primary Vertex Resolution in Data ITI



Data Samples

e T TBar

— /store/mc/Summer09/T Tbar/GEN-SIM-RECO/MC_31X_V3-v1

— 100K events

e QCD_Pt_30
— /store/mc/Summer09/QCD_Pt30/GEN-SIM-RECO/MC_31X_V3-v1/

— 100K events

e QCD_Pt_80
— /store/mc/Summer09/QCD_Pt80/GEN-SIM-RECO/MC_31X_V3-v1/

— 100K events
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Compare Input Tracks to PrimaryVertexFitter

e T Tbar Sample:

— Black: generalTracks, prior to the TrkFilter in pvtx fitter
— Splittracks 1/— Splittracks 2: after TrkFilter in pvtx fitter
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e Track parameters in the split tracksets are consistent
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Compare Reconstructed Vertices: T Tbar

e Number of reconstructed vertices difference: nRecPV1-nRecPV?2

nrecPVDiff
Entries 100000
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e Number of tracks difference in the pvtx

nTrkPV1—nmTrkPV?2 :
nTrkPV1-nTrkPV2 (Left) e PViTeTepys (right)
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e For the resolution and pulls, select |77 s =55 | <10%
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Compare Tracks Used in PrimaryVertex

e [ Thar:

Normalized Entries

Normalized Entries

e [rack parameters used Iin vertices are consistent

— Black: PVTX using all tracks — PV TX using splitTracksl — PVTX using splitTracks2
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Resolution and Pulls Calculations

1. Calculate residuals of reconstructed vertex positions

— MC Method: Z,cc — ZTsim

— _ 1 - Lrecl —Trec2
Two-Vertices Method: 7

2. Calculate pulls of reconstructed vertex positions
— MC Method: #ree—Tsim

rec

— Two-Vertices Method: —Zzecl—Lrec
\/O-xq%ecl+0-x72°ec2

3. Fit residuals in a given nTrack bin with Gaussion
— Resolution is taken as the fit o
— Statistics in each nTrack bin affects the fit performance

4. Fit pulls in a given nTrack bin with Gaussion
— Check the fit ¢ consistency with 1.0
— Statistics in each nTrack bin affects the fit performance
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Resolutions vs Number of Tracks - T Tbar

e MC methods Gaussian fit o of (2ec — Tsim)
— Black: PVTX using all tracks — PV TX using splitTracksl — PVTX using splitTracks2

e Two-Vertices method: ( ) Gaussian fit o of (Frectre2)

resx_spll_mct_nTrk resy_spll_mct_nTrk

~ 100 Entries 64 ~ 100 Entries 64
E L Mean x 42,09 E - Mean x 42,09
| Mean y 13.17 | Meany 13.92
| RMS x 18.64 | RMS x 18.64
= RMS y 4,693 = RMS y 8.771
80— resx_spl2_mct_nTrk 80— resy_spl2_mct_nTrk
c B Entries 64 c B Entries 64
(@] = Mean x 42 (@] = Mean x 42
o — - Mean y 14.35 - —_— - Mean y 13.29
S eo RMS 18.47 S eo RMS 18.47
_— | RMSy 10.06 — | RMS y 5.058
3 | 3 |
O 4o QO 40l
[0 @ |
1 - 1 -
> L oz resx_mct_nTrk > L . resy_mct_nTrk
20— ) Entries 91 20— n" Entries 91
B " Mean x 55 | s ﬂ.“\.‘ ; Mean x 55.47
. . Mean y 16.91 - % .. Meany 15.05
r L g-'u.-.. by hen e RMS x 26.27 r - -ﬂ'!-m?—,u-n-__...n.. e e RMS x 26.04
- RMS y 25 97 - RMS y 18 12
0 P R \ L \ L \ | L N ol v Ly \ L \ L \ L L N
0 20 100 120 140 0 20 100 120 140

Number of Tracks in PVTX Number of Tracks in PVTX

resz_spll_mct_nTrk
~— 100 Entries 64
E - Mean x 42,09
B Meany 18.06
g | RMS x 18.64
RMSy 7.38
80— resz_spl2_mct_nTrk
c B Entries 64
(@] = Mean x 42
o — L Meany 18.08
S eo RMS x 18.47
— - RMSy 7.289
o L
7p] L
Q g} "
X b oa
>\ L “-,‘- . - resz_mct_nTrk
" . -
- LT . Entries 91
20 %35‘-1‘:! . Mean x 55.98
B R LT Mean y 20.64
- E‘M.--'_ e RMS x 25.73
- RMS y 23 ll
0 L \ \ \ | L 1
0 20 100 120 140

Number of Tracks in PVTX

e Resolutions in all methods are consistent

October 09, 2009 Measuring Primary Vertex Resolution in Data IX



Pull vs Number of Tracks - T Thbar

e MC methods: Gaussian fit o of (#re—tum)

T'GC

— Black: PVTX using all tracks — PV TX using spIrtTracksl — PVTX using splitTracks2

e Two-Vertices Method: ( ) Gaussian fit o of (\/xregl_feci )
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e Pulls in all methods are consistent
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Compare Resolutions in Different Samples

e Two-Vertices Method: Gaussian fit o of (mmclg’“e@)
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e nTracks> 15: ox/oy< 20um, oz< 30um
e QCD_Pt30 resolution is slightly higher due to the lower pr
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Compare Pulls in Different Samples

e Two-Vertices Method: Gaussian fit o of (mreclgreC2)
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e Gaussian fit o~ 1.0
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Conclusion and Plans

e Implemented “two-vertices” method to measure the pvtx resolution

— Work flow: splittracks—run pvtxFitter twice—Compare recVertex
— Code in CMSSW UserCode/Jeng/PVStudy

e Validation done in no pile-up MC TTbar, QCD_Pt 30/ 80 samples
— Tracks in splitted samples are consistent
— Number of reco vertices in splitted samples are consistent
— Resolution with two-vertices method is consistent with MC method
nTracks> 15: ox/oy< 20um, oz< 30um
— Pull with two-vertices method is consistent with MC method
Gaussian fit o~ 1.0
e Plans in the near future
— Improve the fitting to the low statistics nTrk bins
— Track-splitting for data with PU is under development
— Test the PrimaryVertexFitter with BS effect on the results
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